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ABSTRACT 
The purpose of this study was to map and study the petrology of the 
Cenozoic igneous rocks that crop out in the Lytle Creek area located in 
the southwestern Bear Lodge Mountains of northeastern Wyoming. Petro-
graphic and chemical data is used to interpret the Cenozoic phonolite-
trachyte rock association. 
Cenozoic igneous activity in the Lytle Creek area appears to have 
been a response to the Laramide orogeny 80-40 m.y. B.P. The majority 
of the rocks were emplaced as laccoliths and sills at the Pahasapa 
Formation-Minnelusa Formation contact or at the Spearfish Formation-
Sundance Formation contact. Porphyritic volcanic textures are typical 
of the Cenozoic igenous rocks which include: calc-alkali phonolite, 
calc-alkali trachyte, trachyte, ferrohastingsite trachyte, ferrohasting-
site latite, and pseudoleucite trachyte porphyry. Sanidine and sodian 
ferroaugite are the major minerals present in the calc-alkali phonolite. 
calc-alkali trachyte and trachyte. Anorthoclase, ferrohastingsite, and 
oligoclase are the major minerals of the ferrohastingsite trachyte and 
ferrohastingsite latite. These rocks appear to be related to potassic 
alkali olivine basalt series rocks and when plotted on a Larsen diagram 
show a general parallel trend in enrichment of s102 , Al20r K2o, and 
Na2o and partial depletion of CaO, MgO, and total Fe-oxide. The scat-
tering of points on the diagram suggest that the rocks do not represent 
a simple continuous liquid line of descent but may represent variable 
X 
or interrupted crystal accumulation and/or contamination by granitic 
crustal rock. Syenitic and monzonitic xenoliths are present only in 
saturated to oversaturated trachyte and may represent granitic crustal 
material which has been depleted in quartz by metasomatic reaction with 
an undersaturated to saturated magma. Further study of the effects and 
the extent of assimilation of granitic crustal rock is needed to evalu-
ate the role of contamination as a cause of igneous variation in the 
Cenozoic rocks of the Lytle Creek area. 
xi 
INTRODUCTION 
Location and Purpose 
The area studied, here called the Lytle Creek area after Lytle 
Creek which drains a large part of the area, is located in the south-
western Bear Lodge Mountains of northeastern Wyoming (Fig. 1). The 
2 geology of approximately 33 km was mapped at a scale of 1:10,000 
(Plate 1). 
The purpose of this study was to map and examine the petrography 
and chemistry of the Cenozoic phonolite-trachyte igneous rock associa-
tion in the Lytle Creek area. The obtained data adds to our knowledge 
of Cenozoic igneous rocks in the Lytle Creek area and is used to inter-
pret the mechanisms responsible for the generation of these rocks. A 
better understanding of igneous activity in the Lytle Creek area will 
contribute to the understanding of the Cenozoic history in the Black 
Hills region and the origin of similar rocks in other areas. 
This study is part of an ongoing research project concerning Cenozoic 
igneous activity in the northern Black Hills region by students and fac-
ulty of the University of North Dakota Geology Department. Studies have 
been completed, or are in progress, on Inyan Kara Mountain, Devils Tower 
and the Missouri Buttes, Sundance Mountain and portions of the south-
western and central Bear Lodge Mountains, the Tinton District of South 
Dakota and Wyoming, and Ragged Top Mountain of South Dakota. 
1 
2 
Fig. 1. Location map showing the Lytle Creek area and outcrop 
patterns of Precalllhrian rocks and Cenozoic igneous rocks of the Black 
Hills and the Bear Lodge Mountains. 
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Geologic History 
The oldest known rock unit in the Black Hills region is the Little 
Elk Granite which was dated at 2.5 b.y.B.P, by Zartman and others (1964). 
Formation of this granite was followed by deposition of sediments which 
were folded and metamorphosed by the intrusion of the Harney Peak 
Granite at 1.7 b.y.B.P. (Peterman and Hedge, 1972). The rocks in the 
region were sheared at 1.0-1.2 b.y.B.P. in response to the Grenville 
orogeny (Zartman and others, 1964). 
During Paleozoic and Mesozoic time, sediments were deposited and 
preserved in the Black Hills region. Beginning in the late Cretaceous 
and continuing into the early Tertiary, this area was uplifted (Shapiro, 
1971) in response to the Laramide orogeny (Coney, 1976) and intruded by 
I 
igneous rocks .. Igneous rocks from ten locations in the northern Black 
Hills region range in.age from 60.5 ± 3. m.y.B.P. to 38.8 ± 2.1 m.y.B.P. 
(Basset, 1961, McDowell, 1966, Mukherjee, 1969). This 22 m.y. age 
range may represent the time of major Cenozoic igneous activity in the 
area (Shapiro, 1971), but some later rhyolitic igneous activity did 
accompany renewed Oligocene uplift of the northern Black Hills (Kirchner, 
1977). 
Previous Work 
The geology of the Bear Lodge Mountains was first mapped by Darton 
and O'Harrain 1905. The igneous rocks mapped included syenite, quartz 
monzonite, phonolite, granite. and pseudoleucite porphyry. A Precam-
brian age was assigned to the granite and the remaining igneous rocks 
were given Tertiary ages. 
5 
Brown (1952) attempted to explain the igneous history of the Bear 
Lodge Mountains. His mapping agrees closely with Darton and O'Harra's 
work. Brown suggested that trachytic rocks were first emplaced and that 
phonolitic magmas followed. 
Chenoweth (1955) studied the igneous petrology of the central and 
southern Bear Lodge Mountains. Chenoweth proposed that the igneous 
rocks in his area could be divided into "younger" and "older" by the 
extensive alteration and mineralization of the latter. 
CHAPTER II 
METHODS 
Sampling 
The mapping of the Lytle Creek area was done by pace and compass 
methods during the summer of 1977. Samples from the area were numbered 
serially as collected within each section, using a 4-digit hyphenated 
code. In this code, the number before the hyphen represents the section 
and the number following it is the serial number of the sample within 
that section (e.g., 06-26 is the 26th sample collected in section 06). 
Locations of all numbered samples used in the text, figures, and tables 
are plotted on Plate l. 
Modal Analysis 
Modal analyses were determined by point counting using optical 
techniques. The modes are based on 500 counts per slide; since the 
majority of rocks studied are. porphyritic, a grid spacing of approxi-
mately one half the average dimension of the phenocrysts was used. The 
precision of any mode and the corresponding estimation of its volume 
percent has been shown to vary directly with the relative percentage of 
each phase with a confidence level of 96 percent (Van der Plas and Tobi, 
1965). A modal percentage of 28-80% varies± 4%, 13-28%, ± 3%, 5-13%, 
± 2%, and 1-5% varies± 1%. 
Feldspar crystals of hand samples were stained, using the procedure 
described by Bailey and Stevens (1960)~ This technique was used to con-
6 
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firm optical and X-ray diffraction identification of sanidine in the 
groundmasses of several key rock types. This procedure also proved to 
be useful in distinguishing natrolite pseudomorphs of nepheline from 
pseudoleucite. 
Quartz was detected qualitatively using X-ray diffraction techni-
ques but its presence or absence in samples is indicated in tables 
listing modal mineral abundances. 
Sodian ferroaugite is used in this study to indicate clinopyroxene 
having similar optical properties to those of sodian ferroaugite crystals 
of calc-alkali trachyte sample 35-28. The optical properties of sodian 
ferroaugite of sample 35-28 are listed in Table 2 (p. 18). 
X-ray Diffraction and Electron Microprobe Analysis 
The following procedure was used to prepare samples for analysis by 
X-ray diffraction and electron microprobe techniques: 
1. 40 g of sample was crused to< 2-3 mm 
2. the sample was split to 20 g 
3. a 20 g sample was ground in a Spex Mixermill for 5 minutes 
to< 20 mesh 
4. 1 g of sample was ground in a Spex Mixermill (vial 5004) for 
4 minutes 
For X-ray diffraction, one gram of sample from step 4 was used. A 
backloaded sample was prepared and then scanned from 2-6° 2 6 at a rate 
of 1° 2 6 per minute using a Philips, high-angle, X-ray diffractometer. 
For electron microanalysis, one gram of sample from step 4 (above) was 
ground for an additional five minutes using a Spex Mixermill (vial 5004). 
The sample was then backloaded into a 3 ~diameter hole which had been 
8 
drilled into a carbon cylinder. 2 A I mm area of the sample was then 
analyzed using a Kevex energy dispersive system (EDS) coupled with a 
Jeol 35C scanning electron microscope for 200 seconds. Polished thin 
sections were also analyzed using the Kevex-Jeol 35C-EDS system. All 
whole rock chemical analyses presented in this study were determined by 
using an electron beam technique developed for rock powders (Karner, 
oral communication). FeO and Fe 2o3 were calculated from total Fe-oxide 
by the method of lrving and Baragar (1971, p. 526). 
Classification 
The Cenozoic igneous rocks of the Lytle Creek area are porphyritic 
and have aphanitic groundmasses. They were emplaced as shallow intru-
sives and could be categorized as typical hypabyssal intrusive rocks. 
Current rock classifications tend to eliminate special hypabyssal rock 
names and use either volcanic (Carmichael and others, 1974) or plutonic 
terms (Streckeisen, 1967). Because of the. predominance of volcanic 
textures, volcanic names will be used, but the modal classification will 
follow the criteria of Streckeisen (1967). Chemical modifiers of the 
modal rock names will be used where features such as calc-alkaline char-
acter are demonstrated by the chemical analyses but are not clear from 
the modal.classification. Rock names separated by a slash, such as calc-
alkali phonolite/trachyte will be used as an abbreviation of calc-alkali 
phonolite and calc-alkali trachyte. 
CHAPTER III 
CENOZOIC IGNEOUS ROCKS 
Cale-Alkali Phonolite and 
Cale-Alkali Trachyte and Trachyte 
Field Relationships 
Cale-alkali phonolite/trachyte, and trachyte crop out throughout 
most of the Lytle Creek area, but the most extensive outcrops are in the 
northwest (Plate l) occuring as small laccoliths of less than two square 
kilometres and as sills two to six metres thick. The laccoliths are 
exposed in sec. 2 T.52N., R.64W. and sec. 35 T.53N., R.64W. and the most 
extensive sill outcrops are present in secs. 2 and 11 T.52N., R.64W., 
and sec. 9 T.52N·., R.63W. (Plate 1). All three rock types occur in the 
laccolith located in sec. 35, but no contacts were observed. 
Stratigraphically, the calc-alkali phonolite/trachyte and trachyte 
laccoliths and sills were emplaced at or slightly above, the Spearfish-
Sundance Formation contact (Fig. 2) in the western part of the area and 
as sills cropping out at the contact of the Pahasapa and Minnelusa Forma-
tion contact in the southeast (Plate 1). 
Contact metamorphism of country rock is not extensive. Silicifi-
cation and/or color alteration of a zone 20-30 cm from the igneous con-
tact are the major types of country rock alteration. 
Petrography and Mineral Chemistry 
The calc-alkali phonolite/trachyte and trachyte are aphanitic gray 
to gray-green porphyritic rocks. The common fabrics are pilotaxitic and 
9 
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trachytic, but intersertal fabrics occur. Sanidine, sodian ferroaugite, 
natrolite pseudomorphs of nepheline, melanite, and sphene occur as pheno-
crysts. Natrolite pseudomorphs of nepheline, and melanite are not pre-
sent in the trachyte. The groundmass of all three rock varieties is 
composed of microcrystalline sanidine, acicular sodian ferroaugite, dolo-
mite, magnetite, and apatite. Quartz is present in the groundmass of 
the trachyte and in some samples of calc-alkali trachyte. Microcrystal-
line to fine-grained(~ nun to 4 cm), angular to rounded, mafic and 
syenitic xenoliths are present. The syenitic xenoliths occur only in 
the calc-alkali trachyte and trachyte and are most abundant in the 
trachyte. 
The modal mineralogies of samples of calc-alkali phonolite/trachyte 
and trachyte are given in Table 1. This table shows that the ground-
mass comprises 20 to 82 percent of these rock types. The most abundant 
phenocrysts are sanidine and sodian ferroaugite. Rock samples 06-15 and 
06-26 have a high, mafic mineral content, 27.4 and 57.0 percent respec-
tively, and are classified and listed in Table 1 as calc-alkali mela-
trachyte. Other major mineralogical differences between the three rock 
varieties are the abundances of natrolite pseudomorphs of nepheline and 
of melanite in the calc-alkali phonolite/trachyte, and the absence of 
these two minerals in the trachyte and the presence of quartz in the 
trachyte and some samples of calc-alkali trachyte. 
Two distinct types of xenoliths are connnon in the calc-alkali 
phonolite/trachyte and trachyte: mafic in all three rock varieties and 
syenitic in the saturated Cale-alkali trachyte and trachyte. The mafic 
inclusions (Fig. 3) range from approximately\ mm to 4 cm in maximum 
• 
Rock Type 
Sample 
Groundmass 
Sanidine 
Sodian 
Ferroaugite 
Ferro-
hastingsite 
Natrolite 
Plagioclase 
Quartz 
Melanite 
Magnetite 
Apatite 
Sphene 
Analcime 
Calcite 
Hematite 
11 
TABLE l 
MODAL ANALYSES OF CALC-ALKALI PHONOLITE/TRACHYTE 
AND TRACHYTE IN VOLUME PERCENT 
Cale-Alkali 
Phonolite Cale-Alkali Trachyte 
35-17 35-42 35-28 35-16 13-06 
29.0 19.6 71.6 59.2 33.2 
32.8 38.6 7.2 3.0 49.0 
20.0 15.0 15.6 14.6 10.6 
0.0 o.o o.o 0.0 o.o 
12.6 20.4 2.2 0.0 0.0 
0.0 0.0 0.0 4.0 0.2 
0.0 o.o 0.0 presenta 0.0 
Accessory Minerals 
1.2 0.8 2.2 0.0 0.8 
0.6 l. 2 0.8 2.4 2.8 
b tr tr 0.2 0.6 0.2 
1.0 0,8 0.2 0.2 0.6 
l. 2 1.8 tr 0.6 2.8 
1.6 1.8 tr tr tr 
tr tr tr tr tr 
a present, determined qualitatively using X-ray diffraction 
b tr= trace, less than 0.2 percent detected 
09-16 
55.8 
24.0 
11.0 
o.o 
6.6 
0.0 
present 
0.0 
0.8 
0.2 
tr 
1.2 
0.2 
tr 
12 
TABLE !--Continued 
Cale-Alkali Cale-Alkali Mela-
Rock Type Trachyte Trachyte Trachyte 
Sample 02-20 04-11 06-26 06-15 02-50 
Groundmass 82.1 74.6 44.0 57.2 57.8 
Sanidine 8.8 7.2 0.0 14.6 21.4 
Sodian 
Ferroaugite 5.1 13.8 48.0 22.2 12.8 
Ferro-
trb hastingsite o.o 0.0 1.8 o.o 
Natrolite 0.0 0.0 tr tr o.o 
Plagioclase 0.2 0.2 0.0 0.8 5.4 
Quartz presenta a.a o.o o.o present 
Accessory Minerals 
Melanite 0.0 0.0 o.o 0.0 o.o 
Magnetite 1.8 2.8 9.0 3.4 2.4 
Apatite tr tr tr tr tr 
Sphene a.a tr tr tr 0.2 
Analcime 0.0 o.o 0.0 o.o o.o 
Calcite 1. 2 1.4 tr tr tr 
Hematite tr tr tr tr tr 
a present, determined qualitatively using X-ray diffraction 
b tr = trace. less than 0.2 percent detected 
13 
Fig. 2.· Stratigraphic sect'.lon of sedimentary rocks that crop out 
in the Black Hills region (Wyoming Geological Association Guidebook, 
1968). 
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Fig. 3. Plane polarized light photomicrograph of a mafic inclusion 
occurring in calc-alkali trachyte sample 09-16. The boundary between the 
inclusion and the groundmass of the trachyte is marked by a larger con-
centration of sodian ferroaugite in the inclusion and flow oriented 
sanidine microlites in the trachyte. Note the large rectangular sanidine 
phenocryst and smaller phenocrysts of sodian ferroaugite (6.7X). 
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dimension and are rounded to angular. Most are primarily composed of 
sodian ferroaugite and alkali feldspar; but inclusions almost entirely 
composed of sodian ferroaugite are present. Contacts between the less 
mafic inclusions and the host rock appear sharp in hand sample but are 
less distinct in thin section as illustrated in Figure 3. The syenitic 
inclusions are (1-2 mm in maximum dimension) smaller than the mafic 
inclusions. Syenitic inclusions are irregularly shaped (Fig. 4) and com-
posed of a hypidiomorphic granular arrangement of alkali feldspar. A 
few alkali feldspar megacrysts contain cores of plagioclase. Maf1c 
minerals are not present in the syenitic inclusions. 
Sanidine, occurring as flow-oriented phenocrysts and micrclites 
(Fig. 3), is the major mineral present (Tables 1 and 2) in the calc-
alkali phonolite/trachyte and trachyte. Pilotaxitic and intersertal 
fabrics are developed in some samples. Many sanidine phenocrysts are 
microperthitic and appear to have been partially absorbed by the melt 
during crystallization. Alteration of phenocrysts and microlites to 
kaolinite is common, as is the replacement of phenocrysts along fractures 
by analcime and calcite. 
The majority of alkali feldspar phenocrysts in oversaturated calc-
alkali trachyte and trachyte are microperthitic orthoclase and many occur 
in syenitic inclusions (Fig. 4). Plagioclase (An25_30) is occasionally 
found surrounded and nearly replaced by orthoclase. The orthoclase 
phenocrysts are partially altered to kaolinite and many have embayed ant 
irregular crystal boundaries. 
Sodian ferroaugite is the major mafic mineral (Tables 1 and 2) of 
the calc-alkali phonolite/trachyte and trachyte. It is present as both 
Opaque 
Minerals Minerals Plagioclase 
strong, oacil-
latory in some 
Zoning *** samples 
Color 
Pleochroism opaque clear 
Extinction *** . . . 
Refractive 
Index . . . . . . 
sodian ferro-
augite, ferro-
hastingsite, 
Replacing melanite . . . 
--·· 
······---·--
magnetite to 
hematite, 
Alteration ilmenite to 
To leucoxene sericite 
a Optical characteristic was not determined. 
bOptical characteristic was not detect.,d. 
TABLE 2--Continued 
Apatite Sphene Analcime 
*** *** *** 
clear to 
clear clear light tan 
. . . . . . 
. . . . . . . 
alkali 
*** *** feldspar 
. . calcite . . . 
Calcite 
*** 
clear 
. . 
. 
alkali fe ld-
spar, aodian 
ferroaugite, 
analcime 
. . 
Biotite 
*** 
tan to 
red brown 
. 
ferro-
hastings it 
Fe-oxide 
e 
"' 0 
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Fig. 4. Photomicrograph of a syenitic inclusion taken using crossed 
polars occurring in trachyte sample 02-50. The texture of the inclusion 
is hypidiomorphic granular. Note the trachytic groundmass composed 
primarily of sanidine microlites and the corroded crystal boundaries of 
the alkali feldspar megacryst (58X). 
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phenocrysts and microlites (Fig. 5). The phenocrysts are strongly 
pleochroic with X = green, Y = yellow-green, and Z = brown-green. The 
majority of the larger phenocrysts have oscillatory, extinction zoning 
with clear to pale green and green concentric zones. Most crystals 
have clear to pale green cores and green rims. Hematite has replaced 
sodian ferroaugite along some fractures. Ferrohastingsite has partially 
replaced the sodian ferroaugite of some samples. 
Chemical analyses of sodian ferroaugite and chemically similar 
clinopyroxene crystals are given in Table 3. The crystals analyzed are 
from calc-alkali trachyte samples 35-28, 35-16, and calc-alkali mela-
trachyte sample 06-26. Analyses 1-3 are of a zoned phenocryst from 
sample 35-28 (Fig. 5), and analyses 4 and 5 are of unzoned phenocrysts 
from samples 35-16 and 06-26 respectively. Analysis points for chemical 
analysis 1-3 were selected on the basis of zone color. Analyses 1 and 
3 are of green zones, and analysis 2 is of a clear to pale green zone. 
Analysis points are plotted on Figure 5. The chemical data from these 
analyses, when plotted on the Ca-Mg-Fe cation plot of Poldervaart and 
Hess (1951, p. 474) (Fig. 6), show that the composition of the zoned 
phenocryst from sample 35-28 lies in. or very near, the ferroaugite field 
and that the crystals from samples 35-16 and 06-·26 (analyses 4 and 5) 
are ferrosalite and salite, respectively. The ferroaugite and ferrosa-
lite of calc-alkali trachyte samples 35-28 and 35-16 have sodium con-
tents that are approximately 1 percent to 3 percent higher than the 
amount of sodium reported iri chemical analyses of ferroaugite and ferro-
salite compiled by Deer, Howie, and Zussman (1963). Therefore, the 
modifier sodian will be used in naming the crystals of analyses 1 through 
v 
:iJ. 
Sample 
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TABLE 3 
NORMALIZED CHEMICAL ANALYSES OF CLINOPYROXENE PHENOCRYSTS 
WITH Ca, Mg AND Fe CATION RATIOS NORMALIZED 
35-28 35-16 
green clear green 
zone zone zone 
Analysis 1 2 3 4 
Sio2 
Al2o3 
FeO 
MgO 
Cao 
Na2o 
K20 
Ti02 
MnO 
P2os 
so3 
Ca 
Mg 
Fe 
49.84 
2.49 
19.09 
5.53 
18.38 
3.11 
0.00 
0.47 
0.94 
o.oo 
0.04 
44. l 
18.4 
37. 5 
49.83 
2.91 
16.50 
7.03 
19.31 
2.62 
0.10 
0.64 
0.86 
0.14 
o.oo 
45.3 
22.9 
31.8 
49.29 
2.57 
17.36 
7.58 
18.81 
2.51 
0.13 
0.63 
0.85 
o.oo 
o.i3 
43.2 
24.2 
32.6 
49.14 
2.08 
16.89 
7.85 
21.26 
1.29 
0.04 
0.57 
0.84 
o.oo 
0.00 
46.2 
23.7 
30.1 
06-26 
5 
49.84 
3.80 
7.94 
12. 77 
23.36 
0.56 
0.18 
1.19 
0.15 
o.oo 
0.08 
49.2 
37.5 
13. 3 
4, and due to the close proximity of analyses 2 and 4 to the ferroaugite 
boundary (Fig. 6), analyses 1 through 4 will be named sodian ferroaugite. 
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Fig. S. Plane polarized light photomicrograph of phenocrysts of 
sodian ferroaugite and a phenocryst of melanite occurring in calc-alkali 
trachyte sample 35-28. Locations of analyses 1-3 of sodian ferroaugite 
(Table 3) and analyses A-D of melanite (Table 4) are plotted. Note the 
dark and light oscillatory color zones of the melanite crystal and the 
partial to complete enclosure of sodian ferroaugite by the melanite. 
Microlites of sanidine and sodian ferroaugite are flow oriented (58X). 
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Fig. 6. Ternary plot of clinopyroxene data giving the variation of 
phenocryst chemistry from samples 35-28, 35-16 and 06-25 (Table 3). 
Mg 10 
28 
Ca 
salite ferrosalite 
augite 
4 2 
. , 
·~/· I/ 
ferroaugite 
50 so Fe 
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Natrolite pseudomorphs of nepheline (Tables 1 and 2) are present 
in the calc-alkali phonolite/trachyte. They occur as single and clustered, 
euhedral to anhedral phenocrysts with rectangular, square, and hexagonal 
cross sections (Fig. 7). Crystal boundaries are normally well defined 
in the phonolite, but in oversaturated calc-alkali trachyte the crystals 
appear partially absorbed, and in some samples the natrolite pseudomorphs 
are difficult to distinguish from the groundmass. 
Melanite garnet is an accessory mineral in calc-alkali phonolite 
and is present in some samples of calc-alkali trachyte (Tables land 2), 
but it is not present in the trachyte. It occurs as phenocrysts with 
hexagonal cross sections and is commonly in contact with sodian ferro-
augite (Fig. 5). Concentric, oscillatory, color zoning is well developed 
in the larger phenocrysts. Individual zones are recognized by varia-
tions in color Jrom red-brown to dark brown and to black in some cry-
stals. Zone boundaries vary from sharp to gradational. Crystals of 
ilmenite, sodian ferroaugite, apatite, and sphene occur poikilitically. 
All melanite phenocrysts are separated from the rock matrix by a less 
than 0.01 mm zone of green pyroxene crystals. Partial replacement of 
melanite phenocrysts by ilmenite (some of which is altered to leucoxene) 
and by sodian ferroaugite is common. 
Analyses of four areas along a 0.6 mm, core-to-rim traverse, of a 
zoned melanite phenocryst from sample 35-28, are listed in Table 4. 
Individual points along the traverse (Fig. 5) were selected to represent 
different zone colors. Major chemical variations (from Table 4) in the 
melanite phenocryst are illustrated in Figure 8. The darker brown 
zones, represented by analyses A and C, are higher in Ti02 and lower in 
30 
Fig. 7. Plane polarized light photomicrograph of natrolite pseudo-
morphs of nepheline phenocrysts occurring in calc-alkali phonolite 
sample 35-42. The large rectangular crystal and smaller pentagonal 
crystal below are natrolite. Note the sphene crystal (center of photo-
graph) in contact with the rectangular natrolite crystal and the sodian 
ferroaugite and opaque crystals in the lower left (68X). 
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Zone Color 
Analysis 
S102 
Al203 
FeO 
MgO 
Cao 
Na2o 
K20 
Tio2 
MnO 
P205 
so3 
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TABLE 4 
NORMALIZED CHEMICAL ANAL YSE.S OF COLOR ZONES IN A 
MELANITE PHENOCRYST ALONG A 0.6 MM TRAVERSE 
FROM CORE (A) TO RIM (D) 
Dark Light Dark 
A B C 
33.56 34. 78 33.01 
1.76 2.06 2.30 
23.15 24.48 23.07 
0.49 0.20 0.35 
32.36 32.50 33.52 
0.41 0.20 o. 16 
0.11 0.07 0.08 
7.45 4. 70 6.26 
0.47 0.74 0.99 
0.17 . 0.14 0.22 
o.oo 0.08 o.oo 
Light 
D 
34.20 
2.22 
24.36 
0.36 
32.43 
0.11 
0.10 
5.25 
0.72 
0.19 
0.00 
total Fe-oxides and Sio2 than the light zones. Values for dark zones 
and light zones of Ti02, total Fe-oxide, and Si02 vary from 7.4 to 4.7, 
23.2 to 24.5 and 33.0 to 34.8 percent, respectively. 
Analcime (Tables 1 and 2) occurs in all three rock varieties. It 
is present as microcrystalline material, as anhedral phenocrysts, and 
also as a secondary mineral replacing sanidine. The primary analcime 
crystals are usually clear, inclusion free, weakly anisotropic, and may 
show multilammellar twinning. The secondary analcime is cloudy, Anal-
33 
Fig. 8. Schematic comparison of the chemistry of color zones in 
a melanite phenocryst occurring in calc-alkali trachyte sample 35-28. 
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cime occurring as a primary mineral phase in phonolite, cropping out at 
Devils Tower, Wyoming, has been described by Halvorson, Karner and 
Christensen (1977). 
In addition to melanite, accessory minerals include magnetite, 
apatite, sphene, and biotite (Tables 1 and 2). Apatite and sphene, with 
maximum dimensions near 2 mm, occur as phenocrysts in some calc-alkali 
phonolite/trachyte and trachyte samples. Magnetite comprises up to 9.0 
percent of calc-alkali mela-trachyte sample 06-26. Biotite occurs as 
phenocrysts but is not abundant and usually is observed only in hand 
samples. 
Rock Chemistry 
The chemistry and CIPW normative mineralogy of selected samples of 
calc-alkali phonolite/trachyte and trachyte are given in Table 5. These 
rocks have intermediate s102 contents which range from 52 to 63 percent. 
The chemistry of the majority of these rocks is similar to that of the 
average calc-alkali trachyte of Nockolds (1954). Samples 06-26 and 
06-15 are chemically similar to the mesotype-melanocratic calc-alkali 
trachytes (Nockolds, 1954) which is consistent with their modal mineral-
ogy (Table 1). Samples 02-50, 06-29 and 06-44 are chemically similar to 
alkali trachyte (Nockolds, 1954). Normatively. all three rock varieties 
range from S102-undersaturated to oversaturated. Nepheline ranges in 
value from approximately 5.3 to 17,6 percent. Normative quartz abund-
ances range up to 6.4 percent and average 2.4 percent. The majority 
of the rocks are slightly peraluminous but sample 06-26 is metaluminous. 
The K20/Na2o ratios of these rocks are greater than 1 and range from 
1. 1 to 2. 7. 
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TABLE 5 
NORMALIZED CHEMICAL ANALYSES AND CIPW NORMATIVE MINERALOGY 
OF CALC-ALKALI PHONOLITE/TRACHYTE AND TRACHYTE WITH 
Na20/K20 RATIOS AND DIFFERENTIATION INDEXES 
Cale-Alkali 
Rock Type Phonolite Cale-Alkali Trachyte 
' 
' Sample 35-17 35-42 35-28 35-16 13-06 06-40 
Sio2 54.66 54.98 57 .14 60.03 57.88 57.94 
' 
Al203 19.78 19.68 16.97 16.97 18.43 15.68 
Fe2o3 2.64 3.15 2.33 2. 59 2.32 2.78 
-1' FeO 2.30 1.35 3.27 3.09 2.33 3.52 
y MgO 2.00 1.48 3. 77 1.84 1.06 2.42 
,:/, 
Cao 5.14 5.13 4.73 3.85 4.29 4.47 
Na2o 4. 98 4.66 2.68 4.17 5.40 3.36 
K2o 6.71 7.28 7.29 6.07 6.46 7.40 
Ti02 1.14 1.65 0.83 1.09 0.83 1.28 
P205 0.18 0.31 0.24 0.23 0.32 0.42 
MnO 0.17 0.17 0.00 0.00 o.oo 0.13 
quartz 0.00 o.oo 0.00 5.42 0.00 0.49 
.)" corundum 0.00 0.00 0.00 0.00 0.00 0.00 
orthoclase 39.76 40.04 43.26 34.05 38.30 43.93 
" 
albite 18.81 16.43 22.38 33.58 33.44 27.67 
anorthite 11. 90 8.30 13.01 10.88 8.17 6.36 
nepheline 12. 63 17.62 0.00 o.oo 5.51 0.00 
diopside 9.82 12.12 7.17 5.45 7.53 10.57 
hypersthene 0.00 0.00 8.06 3. 72 o.oo 3. 27 
olivine 0.62 o.oo 0.47 0.00 0.00 0.00 
magnetite 3.84 3.33 3.39 3. 77 3.39 4.05 
ilmenite 2.17 1. 51 1. 58 2.07 1. 58 2.44 
;, apatite 0.43 0.14 0.57 0.55 0.76 0.99 
" 
' 
K O/Na2o ratio 1.35 1.17 2.75 1. 38 1.20 2.20 differentiation index 71. 20 74.08 65. 64 73.05 77 .26 72.06 
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TABLE S~Continued 
Rock Type Trachyte 
Sample 06-29 06-44 02-50 
Si02 62 .11 62.61 62.38 
Al203 16.61 17.17 
17 .04 
Fe2o3 2.38 2.15 2.26 
FeO 3.07 0.99 2.26 'i 
MgO 1.00 1. 02 1.15 
Cao 2.30 3.81 2.95 
Na2o 4.43 5. 23 4.85 
K20 6.50 6.20 5.62 
Ti02 0.88 0.65 0.76 
Pz05 0.23 0.00 ·0.29 
MnO 0.00 0.00 0.00 
quartz 5.87 l. 77 6.44 
corundum o.oo o.oo 0.00 
orthoclase 38.57 36. 70 33.32 
albite 36.97 44.33 40.38 
anorthite 6.61 5.07 8.57 
nepheline o.oo o.oo o.oo 
diopside 2.75 5.48 3.38 
hypersthene 3.37 0.00 2.28 
olivine 0.00 0.00 o.oo 
magnetite 3.45 1. 31 3.28 
ilmenite 1.67 1.24 1.45 
apatite 0.55 0.00 0.68 
K O/Na2o ratio 1. 47 1.19 1.16 d!fferenti.ation index 84. 77 82.80 80.13 
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TABLE 5--Continued 
Rock Type Cale-Alkali Mela-Trac:hyte 
Sample 06-26 06-15 06-48 
~.: Si02 51. 56 
56.48 55.18 
A12o3 15.24 15.97 
14.95 
Fe2o3 3.07 2.85 
2.59 
·i;; - FeO 5.23 3.59 3. 96 
MgO 4. 16 3.15 5.65 
cao 8.51 5.99 7.31 
Na2o 3.00 3.27 2.76 
K20 6.00 6.07 5.31 
Ti02 1.57 1.34 1.09 
P205 0. 76 0.64 0.47 
MnO 0.09 0.08 0.08 
quartz o.oo 1.15 0.45 
corundum 0.00 0.00 o.oo 
orthoc:lase 35.68 36.03 30.78 
albite 21.95 26.94 12.35 
anorthite 12.76 11.4 7 11. 06 
nepheline 6.54 0.00 0.00 
diopside 21.34 11.32 15.37 
hypersthene 0.00 4.67 7.40 
olivine 3.47 0.00 0.00 
magnetite 4.48 4.14 3.66 
ilmenite 3.00 2.55 2.02 
" apatite 1.81 1.52 1.08 
K20/Na2o ratio 2.00 1.86 l.93 differentiation index 54.58 64.12 53.18 
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Ferrohastingsite Trachyte and Latite 
Field Relationships 
The best e1<Posures of ferrohastingsite trachyte/latite are in sec-
tion 36 where Paleozoic sedimentary rocks have been domed by a laccolithic 
intrusion (Plate 1). Outcrops with well developed sl,aty cleavage due to 
parallelism of ferrohastingsite phenocrysts are common. Other outcrops 
of ferrohastingsite trachyte in the Lytle Creek area are not well 
exposed. The best exposures crop out in secs. 5 and 8 T.52N., R.63W. and 
smaller outcrops are present in secs. 6 and 9 T.52N., R.63W. (Plate 1). 
In section 6, ferrohastingsite trachyte crops out as a 4-5 m-thick dike 
surrounded by calc-alkali trachyte to the north and granite to the south 
along a ridge (Plate l). A 2-3 m-thick sill of ferrohastingsite trachyte, 
cropping out in section 9, has intruded the Minnelusa Formation near the 
Pahasapa-Minnelusa contact and is approximately 20 m above a sill of 
calc-alkali trachyte. 
Petrography 
Samples of ferrohastingsite trachyte/latite are light gray to dark 
gray cryptocrystalline to microcrystalline porphyritic rocks. The 
minerals oligoclase, anorthoclase, ferrohastingsite, sodian ferroaugite, 
and biotite occur as pehnocrysts and are normally subparallel to each 
other. Groundmass minerals include anorthoclase, magnetite. quartz, 
pale yellow biotite, apatite, and dolomite. Microcrystalline to fine-
grained monzonite, syenite. and mafic xenoliths, l to 7 mm in maximum 
dimension, are present. 
The modes of six samples of ferrohastingsite trachyte/latite are 
presented in Table 6. Oligoclase phenocrysts range in abundance from 
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TABLE 6 
MODAL ANALYSES OF FERROHASTINGSITE TRACHYTE/LATITE 
IN VOLUME PERCENT 
Ferro-
hastingsite 
Rock Type Latite Ferrohastingsite Trachyte 
Sample 36-48 36-59 36-75 36-77 
Croundmass 46.8 71.8 75.4 58.2 
Oligoclase 20.6 14.6 7.4 11.4 
Anorthoclase 7.8 1.6 1.0 16.2 
Ferro-
hastingsite 15.0 7.0 9.4 6.4 
Sodian 
Ferroaugite o.o 2.8 2.4 2.0 
Biotite 4.2 tra tr tr 
Quartz o.o 0.0 presentb present 
Accessory Minerals 
Magnetite 3.4 1.4 2.0 2.4 
Apatite 0.2 tr 0.8 
Sphene 0.2 0.2 tr 0.6 
Dolomite 1.8 0.6 1.6 2.8 
a tr = trace,. less than 0.2 percent detected. 
b present, determined qualitatively using X-ray diffraction. 
06-36 
59.6 
o.o 
21.4 
11.0 
4.0 
tr 
0.0 
-~-~ 
4.0 
tr 
tr 
1.0 
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approximately 4 to 20· percent. Sample 36-48 contains approximately 20 
percent oligoclase and could be classified as either a trachyte or latite. 
Ferrohastingsite is the major mafic mineral in the ferrohastingsite 
trachyte/latite but sodian ferroaugite is also present in most.samples. 
Quartz was detected by X-ray diffraction in samples 36-75 and 36-77. 
Anorthoclase (Tables 2 and 6) is the most abundant mineral present 
in the ferrohastingsite trachyte/latite. It is the major phase of the 
groundmass where it develops a pilotaxitic texture. Anorthoclase also 
occurs as phenocrysts and rims plagioclase phenocrysts. Phenocrysts are 
normally unzoned, untwinned, and have corroded boundaries and are par-
tially replaced by kaolinite in some samples, 
Plagioclase ranges in composition from An14_37 but most crystals 
are oligoclase in composition (Tables 2 and 6). 
ferrohastingsite trachyte/latite as phenocryst. 
Oligoclase occurs in the 
It is often rimmed by 
anorthoclase and normally zoned with oscillatory zoning present in some 
of the largest phenocrysts. Plagioclase with oscillatory zoning occurs 
as the major component of the monzonite inclusions. 
Ferrohastingsite (Tables 2 and 6) is the dominant mafic mineral 
present in the ferrohastingsite trachyte/latite. It occurs as pheno-
crysts and as pale green microlites, both of which are flow oriented in 
many samples. In some sections, ferrohastingsite occurs with, and re-
places, sodian ferroaugite: but in other sections, ferrohastingsite is 
partially replaced by biotite and/or a mixture of fe-oxide and calcite. 
Opaque-rich, concentric zones are common in large, unaltered phenocrysts. 
• 
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Rock Chemistr,Y_ 
The chemistry and CIPW normative mineralogy of five samples of 
ferrohastingsite trachyte/latite are presented in Table 7. The samples 
all have SiO contents that range from approximately 55 to 65 percent. 
2 
The chemistry of samples 36-48, 06-48, and 36-75 compares well with 
Nockolds (1954) average latite, but average approximately 1 to 2 percent 
higher in CaO and Si0
2 
and 2 percent lower in Al 2o3. Sample 36-59 is 
similar to the average peralkaline trachyte and samples 36-77 and 36-76 
are similar to the average alkali trachyte (Nockolds, 1954). The 
K
2
0/Na
2
o ratios of the ferrohastingsite trachyte/latite (generally less 
than 1.0) are lower than those of the calc-alkali phonolite/trachyte, 
and ranges from 1.1 to 0.7. 
Syenite and Granite 
Field Relationships 
Syenite crops out extensively in secs. 7 and 8 T.52N., R.63W. and 
granite occurs in sections 6 and 8 of this township (Plate 1). Expo-
sures in sections 7 and 8 are generally limited to bulldozer pits which 
were excavated in the early 1950's during uranium exploration. Rubble 
in the pits of sections 7 and 8 is predominately syenite, but trachyte 
porphyry occurs with the syenite in some locations. The granite cropping 
out in section 6 appears to be cut by calc-alk.ali mela-trachyte. 
Petrography 
Samples of syenite and granite are light gray to pink, fine to medium 
grained, alliotriomorphic granular rocks. The syenites are consistently 
fine grained with a few, fractured, subhedral to anhedral micropheno-
crysts of alkali feldspar and oligoclase arranged glomerophyrically in 
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TABLE 7 
NOR.'IALIZED CHEMICAL ANALYSES AND GIPW NORMATIVE MINERALOGY 
OF FERROHASTINGSITE TRACHYTE/LATITE WITH Na20/K20 RATIOS AND DIFFERENTIATION INDEXES 
Ferrohastingsite Ferrohastingsite 
Rock Type Latite Trachyte 
Sample 36-48 36-75 06-36 36-59 36-76 
Si02 .56.67 57.91 57.18 65.19 60.57 
A1 2o3 15.30 16.14 15 .24 17. 50 16.79 
Fe2o3 2.19 2.30 2.43 1. 85 2.27 
FeO 3. 95 3.47 3.82 2.20 3.00 
MgO 2 .15 3.22 3.17 0.22 2.26 
CaO 9.54 6.24 7.08 0.37 3.73 
Na2o 3.97 4.42 4.03 6.88 5.15 
K20 4.51 4.57 4.54 4.83 4.62 
TiOz 0.69 0.80 0.93 0.35 o. 77 
P2os 0.47 0.32 0.56 0.35 0.35 
MnO 0.00 0.08 0.23 0.00 o.oo 
quartz 0.00 0.20 1. 36 5.75 3.49 
corundum 0.00 0.00 0.00 0.91 0.00 
orthoclase 26.78 27.12 26.95 28.63 27.40 
albite 32.35 36.97 33.27 57.74 42.95 
anorthite 10.90 11.06 11.12 0.46 9.50 
nepheline 0.51 0.00 0.00 0.00 o.oo 
diopside 19. 74 14.44 16.58 0.00 5.46 
hypersthene o.oo 4.41 3.82 2.49 5.39 
olivine o.oo o.oo 0.00 0.00 o.oo 
magnetite 3. 19 3.35 3.54 2.69 3.30 
ilmenite 1.32 1.52 1. 77 0.67 1.46 
apatite 1.12 0.76 1.33 o.so 0.83 
K O/Na2o ratio dlfferentiation 
1.14 1.03 1.13 0. 70 0.90 
index 59.64 64.30 61.58 92.11 73.85 
36-77 
60.84 
16. 62 
2.14 
2.99 
1. 92 
3. 40 
5.30 
4.61 
0.91 
0.47 
0.00 
4.23 
0.00 
27.42 
44.44 
8.37 
o.oo 
4.46 
4.89 
0.00 
3.12 
1. 74 
1.12 
0.87 
76.10 
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a matrix of alkali feldspar. Partially absorbed anhedral micropheno-
crysts of quartz, alkali feldspar, and oligoclase are fractured and 
separated by zones of predominately microcrystalline alkali feldspar, 
quartz, and biotite. The zones of microcrystalline minerals embay both 
quartz and feldspar crystals and surround optically continuous masses of 
quartz and feldspar (Fig. 9). Magnetite and hematite occur in both 
the syenite and the granite. 
Pseudoleucite Trachyte Porphyry 
Outcrops of pseudoleucite trachyte porphyry occur in section 8 
(Plate 1) where it crops out as dikes, 1-3 metres thick, cutting 
trachyte. Contacts are well defined and marked by Fe-oxide stain. 
The pseudoleucite trachyte porphyry is light gray to gray. Pheno-
crysts of pseudoleucite range in size from approximately 0.5 mm to 12 mm 
in diameter and are glomerophyrically arranged (Fig. 10). The ground-
mass is composed of cryptocrystalline to microcrystalline orthoclase, 
secondary natrolite, hematite, muscovite and dolomite. A bostonitic 
texture is developed by orthoclase crystals in rocks having a microcry-
stalline groundmass. 
Trapezohedral pseudoleucite phenocrysts comprise approximately 
35 percent of these rocks. Pseudoleucite is present as eight-sided, 
euhedral to anhedral crystals (Fig. 10), which are composed of orthoclase 
and rimmed by radially arranged natrolite. The natrolite rims are best 
developed in rocks having a microcrystalline groundmass. Multiple 
lamellar twinning of leucite (Fig. 11) is preserved in several crystals 
(Heinrich, 1965, p. 68). Secondary minerals include muscovite and 
dolomite. 
! 
I 
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Fig. 9. Photomicrograph of granite sample 06-24 using crossed 
polars. Microcrystalline alkali feldspar and quartz separate embayed 
crystals of quartz and kaolinized alkali feldspar (58X). 

r -i 
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Fig. 10. · Plane polarized light photomicrograph of pseudoleucite 
trachyte porphyry sample 08-51. Natrolite-rimmed, glomerophyrically 
arranged, pseudoleucite crystals are surrounded by a cryptocrystalline 
groundmass of alkali feldspar with microphenocryst of Fe-oxide. The 
patchy appearance of the pseudoleucite is due to partial replacement 
by muscovite and dolomite (6.7X). 

-,, 
i 
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Fig. 11. Plane polarized light photomicrograph of multiple lamellar 
twinning of leucite in a pseudoleucite phenocryst from pseudoleucite 
trachyte porphyry 08-51. The pseudoleucite grain boundaries are corroded 
and the crystal has been partially replaced by fine grained muscovite 
(58X). 
' 
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Rock Chemistry 
A chemical analysis of a pseudoleucite porphyry sample 08-51 is 
given in Table 8. The extremely potassic character of this rock and its 
low content of calcium and sodium is striking; these characteristics 
distinguish it from any of the other rocks chemically analyzed that crop 
out in the Lytle Creek area. For compariaon to sample 08-51, a chemical 
analysis of a potassic trachyte from the Torr Hills, Uganda (Sutherland, 
1965, p. 371) is given in Table 8. The Torr Hill trachyte is very simi-
lar chemically to the pseudoleucite trachyte porphyry sample 08-51. A 
suggested origin for potassic trachytes cropping out in the Torr Hills, 
Uganda, is given by Sutherland (1965). He proposed that the local 
fusion of (carbonatite related) syenitic fenites related to carbonatite 
intrusion in the Torr Hills, could have generated magmas that produced 
highly potassic trachyte. 
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TABLE 8 
NORMALIZED CHEMICAL ANALYSES OF PSEUDOLEUCITE TRACHYTE PORPHYRY 
SAMPLE 08-51, AND POTASSIC TRACHYTE FROM THE 
TORR HILLS, UGA'IDA (SUTHERLAND, 1965) 
·Pseudoleucite Trachyte 
Rock Type Porphyry Potassic Trachyte 
Sample 08-51 Uganda 
Si02 65.01 58.43 
Al 2o3 18.20 17.84 
Fe 2o3 1.94 5.09 
FeO 1. 48 0.00 
MgO 0. 33 0.43 
Cao 0.10 0.80 
Na2o 0.33 o. 38 
K20 11. 70 13. 90 
TiOz 0.44 o. 34 
Pzos 0.16 0.35 
MnO 0.08 0.42 
CHAPTER IV 
CHEMICAL TRENDS OF THE LYTLE CREEK IGNEOUS ROCKS 
The composition of the majority of the Lytle Creek rocks fall in 
the alkaline field of Figure 12 as defined by the alkaline and sub-
alkaline dividing line of Irving and Baragar (1971). The same analyses 
plotted on an An-Ab'-Or diagram in Figure 13 (Irving and Baragar, 1971), 
divided to contrast the sodium and potassium alkali olivine basalt 
series, all fall well within the potassic alkali olivine basalt series. 
A comparison of the compositions of the Lytle Creek igneous rocks with 
the average chemical compositions of rocks of alkali basalt and 
tholeiiti.c basalt series ,(Nockolds and Allen, 1954) is shown in Figure 
14. Figure 14 shows that the chemistry of the Lytle Creek rocks are 
relatively Si0
2
-undersaturated, in comparison to the tholeiitic series 
rocks; and that they are most similar to average alkali basalt series 
rocks~ 
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Fig. 12. NazO + KzO/SiOz plot showing Irvine and Baragar's (1971) 
dividing line for making a general distinction between alkaline and 
subalkaline rock compositions. Lytle Creek rocks are shown by closed 
circles. 
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Fig. 13. An-Ah'-Or.plot which is used to distinguish rocks in the 
sodium alkali olivine basalt series from potassic alkali olivine basalt 
series. Lytle Creek rocks are plotted as solid circles. 
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Fig. 14. Average chemical compositions of alkali basalts and 
tholeiitic basalts from Nockolds and Allen (1954). Lytle Creek rocks 
are plotted as closed circles. 
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CHAPTER V 
SUMMARY AND INTERPRETATION 
Cenozoic igneous activity in the Black Hills appears to have been 
a response to the Laramide orogeny 80-40 m.y. B. P. (Coney, 1976). The 
Laramide uplift of the Black Hills may have resulted in a tensional pres-
sure release at or near the base of the continental crust causing 
adiabatic partial melting of upper mantle and/or lower crustal rock 
(Yoder, 1976). The magma may then have followed Laramide induced or 
reactivated fractures in the crust and have been emplaced into the 
upper crust. 
Petrologic interpretations based on this study of the Cenozoic 
igneous rocks cropping out in the Lytle Creek area are given below: 
1. Porphyritic volcanic textures are typical of the Cenozoic 
igneous rocks and suggest that the magma experienced two major stages 
of cooling. Phenocrysts crystallized in a slowly cooling magma which 
was then emplaced into Paleozoic and Mesozoic sedimentary rocks where 
cooling of the remaining melt was rapid; the episode of rapid cooling 
produced volcanic textured cryptocrystalline and microcrystalline ground-
masses, Oscillatory zoning of sodian ferroaugite and melanite may indi-
cate that the rise of the magma toward the earth's surface was not at a 
uniform rate, but one of rapid and then slow magma movement in response 
to changes in pressure (Carmichael and others, 1974), 
60 
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2. Cenozoic igneous rock types present in the Lytle Creek area 
include: calc-alkali phonolite and calc-alkali trachyte, trachyte, 
ferrohastingsite trachyte and ferrohastingsite latite, and pseudoleucite 
trachyte porphyry. The majority of these rocks crop out as sills and 
laccoliths either near the Pahasapa-Minnelusa Formation contact or near 
the Spearfish-Sundance Formation contact. 
3. Shand (1927) indicated that melanite crystallizes only in 
undersaturated rocks, The lack of melanite in the trachyte and most of 
the calc-alkali trachyte shows that these are typically saturated or 
oversaturated rocks. 
4, Syenitic and monzonitic xenoliths are present only in the 
saturated to oversaturated trachyte varieties. These xenoliths may 
represent granitic crustal material which has been depleted in quartz 
by metasomatic reactiori with an undersaturated to saturated magma simi-
lar in composition to the magma responsible for the emplacement of calc-
alkali phonolite in the Lytle Creek area. Similar modification of magma 
chemistry, as described above, is supported in part by the work of Aoki 
and Oji (1966). They have demonstrated that critically undersaturated 
alkali-olivine basalt (Yoder and Tilley, 1962) can become silica over-
saturated by ingesting 10 percent of its weight in granitic rock. 
5. From field relationships, it appears that the syenite and 
granite cropping out in the Lytle Creek area have been intruded by dikes 
of trachyte porphyry. The granite of section 6 is isolated from the 
syenite and granite of sections 7 and 8 by Paleozoic sedimentary rocks 
(Plate 1). Stratigraphic relationships in the area surrounding the 
granite cropping out in section 6 are complex. Faulting in section 6 
1 
l 62 is indicated by a cataclastic zone preserved within the Minnekahta 
limestone and the presence of anomalous dips in this area as shown on 
Plate I. It is possible that the granite occurring in section 6 may 
have been emplaced by reverse faulting, possibly in response to the 
intrusion of calc-alkali phonolite and calc-alkali trachyte magma. 
6. Microcrystalline alkali feldspar and quartz between embayed 
mineral grains of the granite, cropping out in section 6, may represent 
an intergranular melt. If similar granitic material forms a portion of 
the Precambrian basement in the Bear Lodge Mountains, it is tempting 
to speculate that partial melting of this material in response to the 
presence of a calc-alkali phonolite and calc-alkali trachyte magmas 
could result in the. s102-oversaturated trachyte varieties and also 
account for the numerous xenoliths present in the trachyte. 
7. During the summer of 1979. Molycorp discovered by rare-earth 
geochemical studies, a small carbonatite body in the southeast~ of 
section 8 (Wilkinson, oral communication). The major rock cropping out 
in section 8 is syenite. This syenite is similar mineralogically and 
texturally to feldspathic fenite-breccia described by Sutherland (1965, 
p. 364) and may be the product of carbonatite-derived potassium rich 
fluids (Carmichael and others, 1974) reacting with preexisting country 
rocks. Highly potassic, palingenic magmas produced by local fusion of 
the feldspathic syenites (Carmichael and others, 1974) might have pro-
duced the pseudoleucite trachyte porphyry that crops out in section 8. 
9. The igneous rocks of the Lytle Creek area appear to be related 
to potassic alkali olivine basalt series rocks. These rocks when plotted 
on a Larsen (1938) variation diagram (Fig. 15) show a general parallel 
' I 
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Fig. 15. Larsen diagram; illustrating the trends of calc-alkali 
phonolite/trachyte and trachyte cation variation. 
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trend in enrichment of Si02 , Al2o3
, K2o, and Na 2o and partial depletion 
of CaO, MgO, and total Fe-oxide. The scattering of points on the dia-
gram suggests that the rocks do not represent a simple continuous liquid 
line of descent (Carmichael and others, 1974) but may represent variable 
or interrupted crystal accumulation and/or contamination of potassic 
alkali olivine basalt series.magm~ by granitic crustal rocks. 
10. The occurrence of outcrops of calc-alkali mela--trachyte suggests 
that crystal settling may have been an active process during magma 
crystallization. 
11. Further study of the effects and the extent of assimilation of 
granitic crustal rock is needed to evaluate the role of contamination as 
a cause of igneous variation in the Cenozoic rocks of the northern 
Black Hills area. 
1111111 
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